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EDUCING THE INCIDENCE OF drug-resistant tuberculosis (TB) has been a consistent priority of TB control in the United States, particularly since multidrug-resistant (MDR) TB (a Mycobacterium tuberculosis isolate resistant to at least isoniazid and rifampin) contributed to an increase in TB rates during the 1980s and early 1990s. This national public health effort to reduce MDR TB has included more intensive case management of patients with drug-resistant TB, widespread use of directly observed therapy, and increased education within the medical community. 1 As a result, the percentage of MDR TB cases among persons without a history of TB has declined by 60%, from 2.5% (n=410) of culture-confirmed TB cases in 1993 to 1.0% (n=95) in 2005. 2 The reduction in MDR TB in the United States suggests success in combating drug resistance, but the percentage of cases with any isoniazid resistance has declined much less during the past 13 years. Primary isoniazid resistance dropped only 13% from 1993 to 2005 (from 8.4% of culture-positive cases in 1993 to 7.3% in 2005) . 3 Isoniazid isabactericidalagentusedworldwideinfirstline treatment regimens for TB disease. In addition, isoniazid monotherapy is the cornerstone of treatment for latent TB infection (LTBI) in the United States. 4, 5 The persistence of isoniazid-resistant TB intheUnitedStates,despitedownwardtrends in MDR TB cases, merits further investigation. To maintain the usefulness of this important anti-TB agent, it is necessary to understand the characteristics of patients with isoniazid-monoresistant TB in the United States. This article provides an updated and detailed profile of isoniazid-monoresistance trends from 1993 to 2003 and examines demographic and patient characteristics associated with this type of resistance.
ters for Disease Control and Prevention (CDC), which has collected national TB incidence data since 1953. 6 Tuberculosis cases are reported by state health departments to the CDC using the Report of Verified Case of TB (RVCT) standard form. To be included in the national count, a case must satisfy a standardized TB case definition. 2 Our analysis examined data on all TB cases reported from January 1, 1993, through December 31, 2005, during which time drug-susceptibility and risk factor data became available for reported cases. Cases must have been reported from the 50 states or from the District of Columbia, have had culture-positive TB, and have had at least initial drug susceptibility testing (DST) results reported. Drug-susceptible TB cases with MDR TB on final DST results, indicating acquired multidrug resistance during treatment, were excluded. Second DSTs are not uniformly performed for all TB cases. Because this study used routinely collected surveillance data without patient identifiers, institutional review board approval was not required.
We defined an isoniazid-monoresistant TB case as a cultureconfirmed TB case with resistance to isoniazid and with recorded susceptibility to rifampin, pyrazinamide, and ethambutol hydrochloride. In addition, the case could have no recorded resistance to additional anti-TB drugs. Annual numbers and proportions of isoniazid-monoresistant TB cases were calculated from all TB cases reported from 1993 through 2005. The denominator included all TB cases with susceptibility results for the 4 first-line drugs.
We conducted univariate and multivariate analyses of demographic characteristics, risk factor information, and treatment outcomes associated with isoniazid monoresistance. The comparison group for odds ratios (ORs), designated as those with drug-susceptible TB, included all TB cases with recorded susceptibility to isoniazid, rifampin, pyrazinamide, and ethambutol and without recorded resistance to additional anti-TB drugs. We limited the univariate and multivariate analyses to those cases reported from 1993 through 2003. This allowed the inclusion of outcome variables such as culture conversion, treatment completion date, reason for stopping treatment, and directly observed therapy information, which can be reported up to 2 years after the initial case reporting date.
We performed univariate analysis using the Cochran MantelHaenszel 2 test for ORs. For variables in which interaction was suspected based on literature findings, a Breslow-Day test for homogeneity of ORs was performed. Interaction terms with a significant Breslow-Day value (PϽ.05) were placed in the multivariate model. Any factor significantly associated with isoniazid monoresistance (P Ͻ .01) in the univariate analysis was included in the logistic regression model. We performed multivariate analysis using manual backward elimination based on the log likelihood ratio test with 99% confidence. For any variable with more than 10% missing observations, we included a "missing" category in the univariate and multivariate analyses to identify any significant effects of missing values on ORs. All analyses were performed using commercially available statistical software (SAS version 9.1.3; SAS Institute, Inc, Cary, North Carolina).
RESULTS
The proportion of isoniazid-monoresistant TB cases increased from 4 (Figure) . Therefore, the downward trends seen in the number and proportion of MDR TB cases were not mirrored by a parallel decrease in isoniazidmonoresistant TB cases in the United States.
From 1993 to 2003, there were 210 940 verified TB cases reported to the NTSS. Of these cases, 41 509 (19.7%) were excluded from this analysis because of the lack of a positive culture, 9425 (4.5%) were excluded because of missing DST results, and 71 601 (33.9%) were excluded because of DST profiles that did not meet case or comparison group criteria; that is, they did not have documented DST results to isoniazid, rifampin, pyrazinamide, and ethambutol treatment. Two hundred nineteen cases (0.1%) found to be MDR TB on the final DST result were also excluded. During this 11-year period, 4247 eligible cases were isoniazid monoresistant and 83 939 were drug susceptible.
Characteristics of isoniazid-monoresistant, drugsusceptible, and total eligible TB cases from 1993 to 2003 are given in Results of univariate and multivariate analyses for the demographic characteristics are given in Table 2 . A test for colinearity of variables was performed using condition indexes and variance decomposition proportion, and no variables were found to be collinear with each other. Demographic characteristics significantly associated with isoniazid monoresistance were age, race/ethnicity, and country of origin. However, results of the Breslow-Day test revealed interaction between race/ethnicity and country of origin. Therefore, they were included as stratified terms in the multivariate analysis. After stratification, patients with isoniazidmonoresistant TB were more likely to be US-born Asian/PI or US-born Hispanic than US-born white. In addition, they were more likely to be foreign-born Asian/PI or foreign-born black non-Hispanic than foreign-born white. Patient characteristics found to be significantly associated with isoniazid-monoresistant TB in univariate and multivariate analysis are given in Table 3 . Isoniazid monoresistance was significantly associated with a history of TB and with residence in a correctional facility. Notably, there was no significant association between isoniazid monoresistance and positive HIV status, although 54.6% of cases had missing or unknown HIV data. Our analysis also showed that injection drug use was negatively associated with isoniazid monoresistance. Table 4 lists the associations among isoniazid monoresistance, TB clinical characteristics, and treatment outcomes. Patients with isoniazid-monoresistant TB were significantly more likely to have pulmonary TB disease rather than extrapulmonary involvement only or combined pulmonary and extrapulmonary TB. Regarding treatment differences, patients with isoniazid-monoresistant TB were less likely to have isoniazid included in their initial treatment regimen. These patients had a significantly longer mean duration of therapy (10.0 months) compared with patients with drug-susceptible TB (8.3 months) and were less likely to complete therapy within 1 year if eligible. Duration of therapy was analyzed as a continuous variable, and the adjusted OR was 1.0 (95% confidence interval, 1.0-1.1).
Because of our knowledge that pyrazinamidesusceptibility testing is performed less frequently than susceptibility testing for other first-line drugs, we investigated the effect of removing the requirement for a pyrazinamide-susceptibility result on the adjusted ORs in the multivariate analysis. There were 141 262 cases (83.4% of all culture-positive cases) used for the model in which no pyrazinamide testing was required, and 83 763 cases (49.4% of all culture-positive cases) were used for the model in which pyrazinamide testing was required. After repeating the analysis without the criteria for pyrazinamide-susceptibility results, we found that there was minimal effect on the direction and significance of the ORs for variables associated with isoniazid resistance.
COMMENT
In contrast to the national decline in MDR TB cases, there has been little change in the number of isoniazidmonoresistant TB cases during the 13-year period. A recent study 7 estimated that 291 000 to 433 000 persons per year start treatment for LTBI in the United States. If our finding that 4.8% of US cases have isoniazid monoresistance is applied to these data, we estimate that, at a minimum, 13 968 to 20 784 patients are treated with a drug to which their infection is resistant (this estimate does not include cases resistant to isoniazid plus other drugs). Because isoniazid continues to have a prominent role in treatment regimens for TB disease and for LTBI, it is essential to understand what factors may be contributing to isoniazid monoresistance so that physicians can make more informed treatment decisions when evaluating these patients.
Few studies have examined characteristics of isoniazid monoresistance in the United States. An analysis of drug-resistant TB trends during the mid 1990s identified several risk factors associated with isoniazid-resistant TB, including foreign birth, a history of TB, Asian/PI race/ethnicity, and age younger than 65 years. 8 A study 9 conducted among patients with isoniazid-resistant TB in Germany also identified younger age and a history of TB treatment as risk factors for isoniazid resistance. The present analysis examines a broader scope of isoniazid monoresistance by using national surveillance data during an extended period and by including more detailed clinical and treatment information.
Of particular note in our analysis are the differences among racial/ethnic groups when stratified by country Tables 2, 3 , and 4 were included in a single logistic regression model. Individual totals may not add up to column totals because missing totals for those variables with less than 10% missing observations were not included in univariate and multivariate analyses. Odds ratios are not reported for nonstratified variables.
b The Hosmer-Lemeshow goodness-of-fit test was used to assess the final model. c Because of small numbers among persons of American Indian and Alaskan Native race/ethnicity, they were grouped with missing and unknown into the single category of "other or unknown." of origin. Two US-born racial/ethnic groups had an increased likelihood of isoniazid monoresistance, Asian/ PIs and Hispanics, while 2 foreign-born groups, black nonHispanics and Asian/PIs, were more likely to have isoniazid-monoresistant TB than their US-born counterparts. This finding suggests that US-born persons are not uniformly more likely to have isoniazid-monoresistant TB, despite the widespread use of isoniazid in the United States for decades. It is unclear whether increased isoniazid monoresistance among some foreign-born populations is a result of suboptimal therapy for TB disease, misdiagnosed LTBI in a patient with TB disease, or a higher prevalence of isoniazid-monoresistant strains among countries outside the United States. The increased likelihood among US-born Asian/PIs and Hispanics may be the result of increased family or social contact with foreignborn persons of similar race/ethnicity.
As expected, a history of TB was associated with isoniazid monoresistance, presumably because patients were exposed to isoniazid during their previous TB episode. This suggests the need for more detailed examination of persons who have undergone prior treatment for TB. Because the RVCT lacks patient-specific details regarding a previous episode of TB, a follow-up study to examine specific characteristics of previous TB treatment associated with isoniazid monoresistance could further explain this relationship.
The lack of association between isoniazid monoresistance and HIV status is a departure from previous findings 8 but is not entirely surprising. Although rifampin resistance may result from inadequate TB treatment due to drug interactions between certain antiretroviral drugs and rifampin, the same mechanism of interaction does not occur with isoniazid. 4 Nevertheless, the large amount of missing data regarding HIV status in our study might be clouding a true association between isoniazidmonoresistant TB and HIV status.
The increased likelihood of residence in a correctional facility among patients with isoniazidmonoresistant TB is a valuable finding and could enhance TB control measures within certain correctional institutions, particularly in those regions that have identified an increased proportion of isoniazidmonoresistant cases. In 2006, the CDC issued updated recommendations for the control of TB in correctional facilities. 10 This document includes guidelines regarding proper laboratory practice within correctional facilities and stresses the importance of performing DSTs on all initial isolates. While DST panels should be performed for all patients with TB in the United States, it may be particularly important to emphasize this practice within correctional facilities.
Isoniazid-monoresistant TB cases demonstrated a longer mean treatment duration and a decreased likelihood of completion of therapy within 1 year. These findings not only may reflect a delayed response to treatment among this patient population but also may indicate that some physicians deliberately extend treatment for their patients with isoniazid-monoresistant TB. This treatment practice is supported by a previous retrospective cohort study 11 of patients with isoniazid-monoresistant TB that demonstrated an association between shorter treat- Abbreviations: DOT, directly observed therapy; NA, factor was not included in regression modeling; ellipsis, factor was dropped during regression modeling. a The Hosmer-Lemeshow goodness-of-fit test was used to assess the final model. b To complete therapy within 1 year, patients must meet standard criteria. Factors that make a patient ineligible for completion of therapy within 1 year include rifampin resistance, meningeal TB disease, and miliary TB disease in individuals younger than 16 years.
